Human-wildlife conflict (HWC) is a complex conservation issue and acknowledging 3 the human dimensions of the problem is critical. Here we propose the Wildlife 4 Tolerance Model (WTM), a novel theoretical framework to identify key drivers of 5 tolerance to living with damage-causing wildlife. The WTM proposes an outer model, 6
Introduction 24 25
Mammals are declining worldwide and while habitat loss, habitat degradation and 26 harvesting pose the greatest threat to mammals (IUCN 2008) these factors indirectly 27 promote conflicts. As the declining wildlife habitats become smaller and fragmented, 28 contact between people and wildlife increases. Human-Wildlife Conflict (HWC) is 29 therefore recognized as a global priority (Manfredo 2015) and an emerging research 30 field (Cronin et al. 2014 ) as it can incur major costs to rural people's livelihoods and 31 lives, as well as reduce support for conservation projects in general (Redpath et al. 32 2013) . Initial research focused on finding technological solutions to mitigate the 33 impacts of wildlife, assuming damage was the main driver of intolerance. However 34 ongoing research revealed that "the causes of conflict are often complex and deep-35 seated, and a broader approach must be utilized in order to ameliorate such conflict 36 fully in the long term" (Dickman 2010) . To address this complexity a focus on the 37 human dimensions of wildlife conflicts is increasingly being acknowledged as critical 38 (Decker et al. 2012; Redpath et al. 2013; Manfredo 2015) . Human wildlife conflicts 39 can therefore be framed as occurring within Social Ecological Systems (SES) where 40 interactions between ecosystems, biodiversity and people take place (Folke et al. 41 2004) . Framing HWC within SES acknowledges HWC as a complex conservation 42 problem that requires multidisciplinary and trans-disciplinary approaches (Game et al. 43 2014) . We define Human wildlife conflicts (HWC) as a type of biodiversity conflict 44 (Bennett et al. 2001 ) consisting of two components: (i) impacts that deal with direct 45 interactions between humans and wildlife species (Young et al. 2010) ; and (ii) 46 conflicts between humans themselves over how to manage the impacts between 47 humans and wildlife. 48
49
The human dimensions of wildlife conflicts pose a number of challenges for wildlife 50 managers. Firstly, determining the extent of a conflict and its impact. This is 51 necessary to enable conservation managers to identify if, where and which 52 interventions are needed. To achieve this, understanding diverse viewpoints of 53 stakeholders is necessary. Democracy in wildlife management is increasingly being 54 acknowledged as important to reduce conflict and ensure successful conservation 55 outcomes (Decker et al. 2012; Woodroffe & Redpath 2015) . Obtaining a wider range 56 of stakeholder views is particularly important so that those heard are not only the 57 powerful individuals and those with extreme views, or institutions and specialized 58 interest groups that are unrepresentative of stakeholders. Imbalances in stakeholder 59 voices can increase the probability of species management based on non-60 representative views and may increase unsustainable wildlife practices, if a vocal or 61 powerful minority favor these. 62
63
Secondly, what are the factors that determine variation in tolerance? There is 64 sufficient evidence in the HWC literature to conclude that individuals differ widely in 65 their attitudes and tolerance towards wildlife ). For example, some 66 stakeholders remove wildlife species despite not encountering any problems, while 67 others with problems will not remove species (Marker et al. 2003 ). Some stakeholders 68 will implement mitigation measures to prevent or reduce damage, while others will 69 not (Maclennan et al. 2009 ) and some farmers will forgo different numbers of 70 livestock to different species of wildlife (Romanach et al. 2007 ). Determining the 71 extent of stakeholder tolerance and the factors driving this tolerance is therefore 72 critical (Treves & Bruskotter 2014) . To address these questions, quantitative 73 randomized surveys may be best suited to determine the extent of a problem as 74 perceived by communities living in close proximity to damage-causing wildlife and 75 their tolerance towards the wildlife. 76
Research on stakeholder attitudes to living with wildlife is increasing and aims to 77 understand factors explaining tolerant behavior ( identified several globally apparent drivers of tolerant attitudes. In this paper we build 84 on these findings and propose the Wildlife Tolerance Model (WTM). The WTM 85 presents an interdisciplinary theory for application to HWC research and 86 management. It aims to incorporate the complexity inherent in human-wildlife social 87 ecological systems (SES) and be a diagnostic tool to identify key factors driving 88 tolerance of people towards damage-causing mammalian wildlife. This in turn can 89 inform management interventions and policy design. We then test the utility of the 90 WTM using a case study of human-baboon conflict in an urban environment on the 91 Cape Peninsula, South Africa. The WTM consists of two components; an outer model 92 with six variables and an inner model with 11 variables (Fig 1) . In the current paper 93 we describe the WTM and test the outer model. In a forthcoming publication (and 94 Kansky 2015) we test the inner model. 95 96 2. The Wildlife Tolerance Model 97
Outer Model 98
In the outer model, experience is the first variable and is operationalized using two 99 variables; (i) recent Exposure to a species (ii) number of Meaningful Experiences a 100 person has had with the species. Meaningful Experiences are strong emotionally 101 charged experiences, which can be either positive (Positive Meaningful Experience) 102 or negative (Negative Meaningful Experience) and are not time constrained, meaning 103 they could have occurred at any time in a persons life. Exposure measures the 104 frequency and spatial proximity a person has been exposed to in a particular time 105 frame. Benefits and Costs are the next pair of variables. These are separated into 106 tangible and intangible. Tangible refers to the monetary costs and benefits, while 107 intangible refers to non-monetary values, such as the existence value of a species or 108 feelings of fear or stress due to a species. The first prediction of the model (H1) is 109 that experience drives perceptions of costs and benefits. So if experiences are more 110 positive than negative, the scale will tilt towards greater perceptions of benefits, and 111 vice versa with negative experiences and costs. The second hypothesis (H2) is that 112 cost and benefit perceptions drive tolerance ( Fig.1 , Table 1 ). 113
114
We define tolerance as "The ability and willingness of an individual to absorb the 115 extra potential or actual costs of living with wildlife" as anyone living in an area with 116 wildlife has to bear the risk of added costs which would not be present in the absence 117 of wildlife. Based on a critical evaluation of seven categories of questions used to 118 elicit tolerant attitudes and perceptions towards damage-causing mammals in a meta-119 analysis ( Habits, Perceived behavioral Control (Fig 1) . For example, for Interest in animals, 136 the prediction is that people who are more interested in animals will perceive 137 relatively more benefits than costs and therefore be more tolerant than those who 138 dislike animals. And for Institutions, individuals who perceive institutions involved in 139 managing a species negatively will perceive more costs than benefits to living with 140 the species and therefore be less tolerant. Below we elaborate on the inner model 141 variables. More detailed discussions are in Appendix A and in Table 1 Anthropomorphism came from religious studies and social psychology. 237
238
In Appendix A details of WTM variables are provided and in Table 1 
Residents survey 297
We surveyed five of seven communities on the Cape Peninsula with a history of 298 human-baboon conflict, between October 2012 and January 2013 ( Fig B1) . These 299 communities were of predominantly European decent and represented the cultural 300 majority in the baboon home ranges. Two communities were excluded as they 301
represented a different culture and would have been an insufficient sample size to test 302 the model using Structural Equation Models (Appendix E). All households on streets 303 frequented by baboons were canvassed outside working hours or on weekends. One 304 adult from each household was requested to complete the survey and informed that 305 the objective of the survey was to determine how residents coped with living with 306 baboons. Surveys were completed voluntarily at the residents' convenience and 307 returned via sealed boxes located in their neighborhood. Email and telephone contact 308 information was requested to send reminders after two weeks and then again every 309 two weeks until January 2013. 310
311
The survey instrument is presented in Appendix C with descriptions of the four main 312 variables that make up the WTM outer model, namely experience, costs, benefits and 313 tolerance. In addition to these questions, we asked respondents the question "How 314 Missing values were replaced using K-Nearest Neighbors, so as to include as many 398 respondents as possible. Less than 5% of surveys required missing value replacement 399 and therefore there was little risk of random data generation. Respondents with over 400 30% missing values were not considered for replacement and excluded. Model 401 construct scales were standardized using z scores. Because of this the SEM 402 descriptive statistics are not meaningful, and therefore separate descriptive statistics 403
were computed for each construct to provide context for the study. All constructs 404 were considered reflective. 405 406
Results 407 408
Of the 707 residents willing to complete the survey (92.1%), 403 (57%) completed 409 and returned it. The most common reasons for refusal were: no time, low interest or 410 for the very old, inability to complete the survey due to cognitive impairment. The 411 respondent profile is reported in Appendix FB. There were no significant differences 412 between respondents who did and did not complete the survey for 12 of the 13 items 413 used (Table F1 ) however the age of non-respondents was significantly lower than 414 those of respondents. 415
Partial Least Squares Structural Equation Model 417
Descriptive statistics for the variables in the PLS-SEM are provided in Appendix G to 418 provide context for the study. Results for evaluation of the measurement model are 419 presented in Table E1 and results for evaluation of structural model are presented in 420 Table E2 . Values for these tests were within the recomended limits (Appendix E). 421
Path coefficient sizes and significance 422
Bootstrap confidence intervals and significance of path coeeficients are reported in 423 Table E3 . Fig. 2 shows the constructs and variables with their related path 424 coefficients sizes and significance. These relationships are further described below 425 with path coefficients reported in parentheses. 426
Which variables affect tolerance? 427
Cost Intangible (-0.38) and Benefit Intangible (0.4) had equal effects on Tolerance 428
while Cost Tangible (-0.06) had no significant effect on Tolerance. Exposure (-0.04), 429
Positive Meaningful Events (0.08) and Negative Meaningful Events (-0.02) did not 430 significantly affect Tolerance (Table E3 ; Fig. 2) . 431
Which variables affect costs and benefits? 432
Exposure (-0.38) had the strongest effect on Cost Tangible followed by Negative 433
Meaningful Event (0.26). Positive Meaningful Event (-0.13) had the weakest, but 434 significant effect (Table E3 ; Fig. 2 Exposure explained Positive Meaningful Event (Fig 2) . 451 452
Resident problems and unmet needs due to baboons 453 454
Most respondents (78.6%) had some problems with baboons ( Fig G1.e ). Of these 455 34.7% had small problems 24.1% had moderate problems and 20% had a serious 456 baboon problem. Overall the mean extent of baboon problem was 3.9  1.98 (scale 1 457 to 7 where 7 =crisis) ( Fig G1.e ). Sixty four percent (257) of respondents identified 458 465 baboon-related problems. Of these, 149 (32%) were tangible costs and 316 (68%) 459
intangible costs that grouped into nine sub-categories (Table 2 ; Fig G1.e ). There was 460 no relationship between the size of a problem score and the frequency with which a 461 problem was reported (Spearman's rho =-0.382, p=0.25). The most problematic 462 intangible costs were: self, opportunity costs, children, prison and baboons (Table 2 ; 463 Fig G1.e) . The mean size of problem of these was higher than the mean size for 464 tangible costs (Table 2 ). The proposed unmet needs associated with each problem are 465 reported in Table 2 . 466 467 3.4 Discussion 468
Support for the Wildlife Tolerance Model 469
Hypotheses relating to the outer model of the WTM were confirmed: perceptions of 470 costs and benefits explained 60% of tolerance, and exposure and meaningful events 471 approximately 30%. The non-significant path coefficients between exposure and 472 meaningful events to tolerance support the hypothesis that costs and benefits mediate 473 the relationships between exposure, meaningful events and tolerance. However since 474 exposure and meaningful events moderately explained perceptions of costs and 475 benefits (30%), additional unexplained variance in costs and benefits remains. Other 476 factors could be the inner model variables of the WTM. 477
Tangible costs do not explain tolerance 479
HWC mitigation strategies typically assume monetary losses as primary drivers of 480 intolerance (Hulme & Murphee 1999; Distefano 2003; Dickman 2010 ). This study 481 found that tangible costs were not significant in determining tolerance. However, 482
intangible costs and intangible benefits significantly and equally explained tolerance 483 (Fig. 2) . This highlights the importance of separating and individually addressing 484 costs and benefits into tangible and intangible to enable management strategies to 485 identify and target the specific factors driving tolerance on a case-by-case basis. Most 486 strategies focus on reducing tangible costs through, for example, compensation 487 schemes, and emphasize the need for tangible benefits, such as tourism or trophy 488
hunting. This study highlights that in some circumstances focus on intangible costs 489 and benefits would be more effective ( When the extent of monetary loss impacts a household's livelihood tangible costs 500 could be expected to explain tolerance. However this was not the case in our study 501 where monetary losses comprised approximately 0.5 to 1% of annual income. 502
Therefore intangible costs presented a greater number of unmet needs compared to 503 tangible costs. This finding could be reversed in low-income communities. Future 504 research incorporating a universal human needs approach may prove useful in 505
identifying key elements of costs to communities and the interventions required to 506 mitigate these. 507 508
Increasing intangible benefits through positive meaningful events 509
Meaningful events, both positive and negative, are better predictors of intangible 510 benefits than exposure. Furthermore, exposure does not significantly drive positive 511 meaningful events, but positive meaningful events most strongly drive intangible 512 benefits. So, in a management context, how can positive meaningful events be 513 enhanced so as to increase the perception of benefits? It may be possible to increase 514 positive meaningful events in non-residential areas, such as in nature reserves or on 515 the side of the roads. Management of baboons in these areas to enhance a positive 516 baboon experience and prevent negative interactions would be critical. Baboon 517 aggression towards people due to feeding by tourists or easy access to human food in 518 picnic areas and restaurants has been a regular occurrence (Kansky & Gaynor 2000) . 519
Current management strategies aim to prevent all human-baboon contact on the Cape 520 Peninsula, which in theory reduces the likelihood of negative experiences. However, 521 this strategy may not be feasible in the urban park context of the study area. 522
Conversely, it also reduces the probability of positive baboon experiences, reducing 523 opportunities to increase tolerance. 524 525
Decreasing intangible costs through exposure and negative meaningful events 526
Contrary to intangible benefits, perceptions of exposure, negative meaningful events 527 and positive meaningful events equally drive intangible costs, i.e. the more a person is 528 exposed to baboons, the greater their perceptions of intangible costs. In addition, the 529 greater the number of negative meaningful events, and the lower the number of 530 positive meaningful events, the higher the perceptions of intangible costs (e.g. 531 negative emotions, feelings of fear, danger, nuisance and/or stress). Exposure 532 significantly drives negative meaningful events with baboons; therefore reducing 533 exposure could reduce the number of negative meaningful events. However, since 534 only 10% of negative meaningful events are explained by exposure, a large amount of 535 variance remains unexplained. Therefore, reducing residents' exposure to baboons, as 536 well as the number of negative meaningful events, will need to be considered as two 
Outer Model Variables
Exposure Ho: The more a person is exposed to a species the higher the probability of experiencing costs and the lower the probability of experiencing benefits
Meaningful Events
Ho: The more negative Meaningful Events a person experiences the greater the perceived costs while the more positive Meaningful Events a person experiences the greater the perceived benefits. Tolerance
Ho: Costs and benefits of living with a species will determine tolerance to a species.
Inner model variables
Interest in Animals Ho: The more a person is interested in animals in general, wildlife in particular and the more experiential the interest in wildlife the more benefits and less costs will be perceived to living with wildlife.
Empathy Ho: People low on trait empathy will perceive more costs than benefits and therefore show less tolerant behavior towards wildlife.
Ho: Women will have higher empathy scores than men and therefore perceive more benefits than costs to living with wildlife Anthropomorphism Ho: Taxonomic groups, species or individual animals that are attributed more mind will be seen as more beneficial than those with less mind attribution and therefore tolerated.
Ho: People with low interest in animals will have less non-human representations than those with high interest in animals. Negative animal behavior will be interpreted as being similar to human negative behavior resulting in low tolerance.
Taxonomic bias
Ho: Taxonomic groups, species or individual animals that are large, attractive, useful, rare, not dangerous, have positive cultural symbolism look and behave similarly to humans will be perceived as more beneficial than taxonomic groups, species or individual animals that are small, unattractive, not useful, common, dangerous, negative cultural symbolism and behave and look differently to humans.
Values
Ho: Individuals and groups prioritizing self-transcendence value orientations will perceive more benefits to living with damage causing wildlife than individuals prioritizing self enhancement values who will perceive more costs to living with wildlife.
Wildlife Value Orientations
Ho: Individuals and groups who prioritize mutualistic WVO will perceive more benefits to living with wildlife compared to individuals and groups who prioritize utilitarian WVO.
Institutions
Ho: Individuals or communities who have negative perceptions of wildlife governance systems will perceive more costs than benefits of wildlife.
Personal Norm
Ho: Individuals or groups who have feelings of moral obligation towards a species will perceive more benefits than costs of living with wildlife and will be more tolerant.
Selfefficacy/behavioral control
Ho: Low self-efficacy in ability to reduce costs of living with wildlife will increase perceptions of costs of living with wildlife and reduce tolerance Social Norms Ho: Individuals who belong to groups or communities where wildlife are perceived to be more costly than beneficial and who have a high need to follow social norms will also perceive more costs than benefits.
Ho: Individuals who belong to groups or communities who implement unsustainable wildlife management interventions and who have a high need to follow social norms will implement unsustainable wildlife management interventions.
Habit
Ho: Individuals or groups who perform habitual activities that are difficult to change in response to living with wildlife will perceive more costs of living with wildlife. The greater the habit strength of these activities the greater the perceived costs. 
